We study three transient X-ray sources, that were bright in the central region of M31 galaxy in the year 2000. Observations with Chandra and XMM-Newton allowed us for the first time in the history of X-ray astronomy, to build light curves of transient sources in M31 suitable for studying their variability on a time scale of months and, in some periods, weeks. The three sources demonstrate distinctly different types of X-ray variability and spectral evolution. XMMU J004234.1+411808 is most likely a black hole candidate based on the similarity of its X-ray light curve and spectra to typical transient low-mass Xray binaries observed in our Galaxy. The outburst of CXO J004242.0+411608 lasted longer than a year, which makes the source an unusual X-ray transient. The supersoft transient XMMU J004319.4+411759 is probably a classical nova-like system containing a magnetized, rapidly-spinning white dwarf. We estimate a total rate of X-ray transient outbursts in the central bulge of M31 to be of the order ∼ 10 per year. The rate of the hard X-ray transients (∼ 5 year −1 ) in the central part of the Andromeda Galaxy appears to be comparable to that of the central part of our own Galaxy.
INTRODUCTION
There are about 200 known X-ray binaries in our Galaxy. These contain either a neutron star or a black hole (van Paradijs 1995) . About one third of them are classified as transients (see Tanaka & Shibazaki 1996 for a review).Some of the Xray transients, most notably Be-binary pulsars, erupt on regular intervals, while others erupt dramatically, but irregularly, with peak luminosities above 10 37 erg/s and typical decay timesorder a month. This last group represent the majority of known Galactic black hole candidates, and provides the best opportunity to study the processes near black hole in relative proximity to the Earth. Galactic transients have been therefore a focus of substantial observational and theoretical effort by X-ray astronomers. Much less, however, is known about X-ray transients in other galaxies. Previous observations with Einstein and ROSAT were too sparse in time for any systematic monitoring of even nearby galaxies. The new capabilities provided by Chandra and XMM-Newton started to make the difference.
X-ray observations of the Andromeda Galaxy (M31), the closest spiral galaxy to our own (we assume ∼760 kpc distance throughout this Letter -van der Bergh 2000), are of special interest, because M31 is in many respects similar to the Milky Way. M31 was observed previously with Einstein and ROSAT, and hundreds of X-ray sources were detected (Trinchieri & Fabbiano 1991; Primini et al. 1993; Supper et al. 1997; Supper et al. 2001) . This Letter discusses transients discovered in the M31 core in recent sensitive observations by Chandra and XMM-Newton.
OBSERVATIONS AND DATA ANALYSIS
We analyzed a series of Chandra data consisting of seven observations with Advanced CCD Imaging Spectrometer (ACIS) and seven High Resolution Camera (HRC) observations. We used all publicly available observations of M31 central region covering the period from Oct 1999 to July 2000 (Table 1) . A more detailed description of the observations can be found in Garcia et al. 2000 (hereafter G00) and DiStefano et al. 2001 .
The data were processed using the CIAO We generated X-ray images of the central region of M31 (Fig. 1) , and performed a wavelet deconvolution of the images to detect and localize point sources. Because of calibration uncertainties below 0.3 keV and high background above 7 keV, we excuded ACIS data outside these energy limits. To estimate energy fluxes and spectra, we extracted counts within source circular regions of ∼ 3 to 6 ′′ radii (depending on the distance of the source from the telescope axis). Background counts were extracted from the adjacent source-free regions. Spectra of the bright hard sources (XMMU J004234.1+ 411808 and CXO J004242.0+411608) were fitted with an absorbed power law model using XSPEC v.11
4 . The ACIS count rates were converted into energy fluxes using the analytical fits to the spectra for brighter sources or PIMMS 5 with standard parameters otherwise. For the HRC the source fluxes were estimated by PIMMS, based on the observed count rates and the spectral parameters measured by ACIS and XMM-Newton.
The central region of M31 was observed with XMM-Newton on June 25 and December 28, 2000 (Shirey et al. 2001, hereafter S01; Osborne et al. 2001, hereafter O01; Trudolyubov et al. 2001 , hereafter T01) as a part of Performance Verification (PV) program (Table 1 ). In our analysis we used the data from two European Photon Imaging Camera (EPIC) instruments: the MOS1 and MOS2 detectors (Turner et al. 2001) . In all observations the EPIC instruments operated in full window mode (30 ′ FOV) with a medium optical blocking filter.
We reduced EPIC data with the XMM-Newton Science Analysis System (SAS v5.01) 6 . To obtain the spectra of individual point sources, we used a source circle of ∼ 20 − 30 ′′ and took backgrounds from adjacent source-free regions. We used data in the 0.3 − 7 keV energy range, for consistency with Chandra data and because of uncertainties in the calibration of the EPIC instruments. This is the default energy band for all fluxes and luminosities presented below.
The energy spectra of the two hard sources (XMMU J004234.1+411808 and CXO J004242.0+41608) were fitted to an absorbed power law, and an absorbed black body radiation model was applied to fit the spectrum of the supersoft transient XMMU J004319.4+411759 (Table 2) . Since the flux from the latter was negligible above 1.5 keV, we considered only its 0.3−1.5 keV spectrum. EPIC-MOS1 and MOS2 data were fit simultaneously, but with independent normalizations.
RESULTS AND DISCUSSION
3.1. Hard X-ray Nova XMMU J004234.1+411808
A new bright source, XMMU J004234.1+411808, was discovered on June 25, 2000 during the first XMM-Newton observation of M31 (S01, O01, T01). Our analysis of the archival Chandra data revealed the presence of a bright X-ray source at the position consistent with XMMU J004234.1+ 411808 as early as June 21, 2000, and again on July 2 and July 29 (Table 1) . Based on the Chandra aspect solution, which is currently limited by systematics to ∼ 0.6 ′′ accuracy, we measure the position of XMMU J004234.1+411808 to be α = 00 h 42 m 34.44
The X-ray light curve of XMMU J004234.1+411808 shown in Fig. 2a . Combining the results of Chandra and XMM observations, we place an upper limit on the effective duration of the outburst of < ∼ 40 days. We have no measurements of the outburst rise, but it was shorter than 20 days and followed by a slower decay. A fit to decaying part of the light curve with an exponential gives a characteristic e-folding time: τ f old = 17 ± 2 days. The source flux declined from ∼ 3.3 × 10 −13 erg s −1 cm −2 on June 21 to ∼ 3.4 × 10 −14 erg s −1 cm −2 on July 29, which corresponds to the luminosity drop from ∼ 2.3 ×10 37 erg s −1 to ∼ 2.3 × 10 36 erg s −1 . From the ACIS observations prior to the outburst, and assuming the same spectrum as measured by XMM, we compute a 2σ upper limit to the quiescent luminosity of ∼ 1.5 × 10 36 erg s −1 , ∼ 20 times lower than maximum measured luminosity.
The energy spectrum of the source measured with ACIS-S on July 2 is similar to one detected with EPIC-MOS a week earlier (Fig. 3a) and both may be fit to an absorbed power law with α ∼2.1 (see Table 2 for fit parameters).
The energy spectrum and X-ray luminosity of XMMU J004234.1+411808 correspond to the hard/low spectral state of Galactic black hole candidates (Tanaka & Lewin 1995) . Moreover, the X-ray evolution of the source is typical for well established class of X-ray novae with fastrise-exponential-decay (FRED-type) lightcurves (Chen, Shrader, & Livio 1997) . For many of these objects, radial velocity measurements proved that binary systems harbor black holes. We propose that XMMU J004234.1+411808 is an X-ray nova and the first stellar mass black hole candidate in M31.
Transient source CXO J004242.0+411608
The X-ray source CXO J004242.0+411608 was discovered on December 1999 during the first Chandra observation of M31 (G00) and remained detectable throughout whole Y2K (O01, T01). The source was not detected with XMM on June 29, 2001 (Shirey 2001 ), which sets a lower limit of ∼400 days to the outburst duration.
The source exhibited remarkable stability of the X-ray luminosity and spectral shape throughout the outburst (Fig. 2b, c and Table 2 ). The average energy spectrum may be approximated with an absorbed power law with α ∼ 1.5 − 1.6. We note that the ACIS spectra of the source tend to be generally flatter than EPIC-MOS spectra (Table 2). Best-fit values of the absorbing column are also systematically higher for the ACIS. Both discrepancies may be possibly attributed to the presence of a 10 − 15% pile-up in the ACIS spectra.
Long ( > ∼ 1 year) plateaus were detected in light curves of several black hole candidates, whereas shorter plateaus seem more typical for neutron star systems (Chen et al. 1997 ). The hard spectrum and long plateau make this outburst remarkably similar to the long-lasting hard transient GRS 1716-249 (Sunyaev et al. 1994; Revnivtsev et al. 1998 Figure 3d . It may be satisfactorily fit to an absorbed black body radiation model with a characteristic temperature of ∼ 60 eV and absorbing column of ∼ 1.4 × 10 21 cm −2 . The spectrum of XMMU J004319.4+411759 is similar to the Galactic supersoft sources and may be interpreted as a result of thermonuclear burning of the accreted matter on the surface of the white dwarf (see Kahabka & van den Heuvel 1997 for a review). The source proved to be a pulsator with a ∼ 865s period (for more detailed discussion see O01). The transient behavior of the pulsator hints that it may be a classical Nova in the supersoft X-ray spectral phase, several tens of days after the peak of the outburst (Kahabka & van den Heuvel 1997; O01) . and an average source outburst duration to be more than a month, and taking into account the spacing of the Chandra and XMM observations, we estimate a rate of ∼ 10 year −1 . We note a large uncertainty of this estimate, due to the limited statistics. About ∼ 50% of a total amount of transients detected in M31 are hard X-ray sources corresponding to ∼ 5 outbursts per year. It is interesting to compare their number with a number of X-ray transient detected in the corresponding region of the Galaxy.
7 Based on regular monitoring of the Galactic Center with RXTE and BeppoSAX, the rate of hard transient outbursts in this region can be estimated as ∼ 4 year −1 , which is comparable to our estimate for the central part of M31. This is firther evidence for the similarity between the stellar populations of the Galaxy and M31. 
